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History  of  GIST

• Historically  GIST  have  been  misdiagnosed  as  leimyomas  or  
leimyosarcomas  based  on  morphology.

• Immunohistochemistry  in  the  1980’s  demonstrated  that  some  of  
these  tumors  lacked  features  of  smooth  muscle  differentiation,  
some  had  markers  of  neuronal  differentiation  and  some  had  
neither  of  the  above  markers.

• Mazur  and  Clark  coined  the  term  “gastrointestinal  stromal  
tumors”  to    collectively  refer  a  group  of  mesenchymal  tumors  of  
neurogenic  or  myogenic  differentiation.

• The  discovery  of  KIT  led  to  the  realization  of  GIST  as  a  distinct  
entity  from  other  non-­epithelial  GI  tumors

Mazur  MT,  and  Clark  HB.  Am  J  Surg Path  1983;;  7:  507-­19
Joensuu  H,  et  al.  Lancet  Oncol 2002 ;;  3 :  655-­64
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Mazur  and  Clark.  Am  J  Surg  Pathol.  1983  Sep;;7(6):507-­19
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KIT  Receptor  Tyrosine  Kinase

• In  1986  a  new  acute  transforming  feline  retrovirus,  the  
Hardy-­Zuckerman  4  feline  sarcoma  virus  (HZ4-­FeSV)  
was    isolated  from  a  feline  fibrosarcoma.  

• The  viral  genome  of  HZ4-­FeSV  contained  a  new  
oncogene  that  was  designated   v-­kit.  C-­kit  is  the  
cellular  homologue  of  the  oncogene  v-­kit  

• C-­kit  encodes  a  transmembrane  tyrosine  kinase  
receptor  called  KIT.

Nature  1988  Sep  1;;335(6185):88-­9
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KIT  Receptor  Tyrosine  Kinase

• Kit  is  a  145-­KD    glycoprotein  which  can  be  detected  by  immuno-­
histochemical  staining  for  CD117  

-­ CD117  is  an  epitope  on  the  extra-­cellular  domain  of  the    Kit  receptor  

-­ >95%  of  GIST  are  CD117  positive

• Steel  factor  (SLF),  also  known  as  stem-­cell  factor,  is  the  ligand  
for  Kit  

-­ Binding  of  SLF  to  Kit  results  in  receptor  homo-­dimerization,  
activation  of  KIT  tyrosine  kinase  activity,  and  resultant  
phosphorylation  of  a  variety  of  substrates  that  serve  as  effectors  of  
intracellular  signal  transduction.

-­ GIST  have  characteristic  gain  of  function  mutations  which  result  in  
ligand-­independent  activation  of  signal  transduction

Hirota S,  et  al.  Science  1998;;  279:577-­80;;    Kindblom  LG,  et  al.  Am  J  Pathol 1998;;  152:1259-­69.
Rubin  BP,  et  al.   Cancer  Res  2001;;  61:  8118-­21;;  de  Silva  MVC,    et  al.    Pathol Oncol Res  2003;;  9:  13-­19.  
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Hirota  et  al.  Science.  1998  Jan  23;;279(5350):577-­80.
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Interstitial  Cells  of  Cajal  as  a  Precursor  to  GIST

• Innervated  network  of  
KIT+  cells,  amidst  GI  
smooth  muscle

• Pacemaker  function  
coordinates  peristalsis

• Absence  of  KIT  function  
results  in  aperistalsis

Kindblom  LG,  et  al.  Am  J  Pathol 1998;;  152:1259-­69.
Hirota S,  et  al.  Science  1998;;  279:577-­80
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Kindblom  et  al.  Am  J  Pathol.  1998  May;;152(5):1259-­69.
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Gastrointestinal  Stromal  Tumors

• Around  5,000  to  6,000  new  cases  each  year

• Tends  to  occur  in  middle  aged  persons  with  a  slight  
male  predilection  

• Occur  throughout  the  GI  tract

-­ Stomach  50-­60%

-­ Small  bowel  20-­30%

-­ Large  bowel  10%

-­ Esophagus  5%

-­ Elsewhere  in  abdomen  5%
DeMatteo  RP,  et  al.  Ann  Surg  2000;;  231:51-­8
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Prognosis  of  GIST

• The  5-­year  survival  for  malignant  GIST  varies  widely  and  
has  been  reported  to  be  from  28  to  60%.  

• Median  survival  times

-­ Unresectable  disease:  10–23  months.  

-­ Metastatic  or  recurrent  disease:  12  -­19  months.

Joensuu  H,  et  al.  Lancet  Oncol 2002 ;;  3 :  655-­64
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Imatinib  Mesylate

• Inhibits  intracellular  
kinase  domains  of  ABL,  
KIT,  and  PDGFR

• Abrogates  kinase  
signaling  by  inhibition  of  
ATP  binding  and  
substrate  docking

Fletcher  L.  Nat.  Biotechnol.  2001;;  19:599-­600
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„patient  zero“

Treatment  with  four  100  mg  
capsules  of  STI571  once  daily  
was  started  in  March  2000.
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Imatinib  Mesylate  in  Advanced/Unresectable  GIST

Demetri  GD  et  al.  N  Engl  J  Med  2002;;  347:  472-­80

400 Mg
N  =  73

600  Mg
N  =  74

Either  Dose
N  =  147

Response  
Rate

49% 58% 54%

Stable  
Disease

32% 24% 28%

• This  trial  led  to  the  approval  of  imatinib  mesylate  for  GIST
in  February,  2002
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Time  to  Progression  and  Survival  

Demetri  GD  et  al.  N  Engl  J  Med  2002;;  347:  472-­80
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Studies  of  Imatinib  Therapy  in  GIST

Pilot Phase  1 Phase  2 Phase  3

Pilot  Study  Exploratory  
Study  
(N  =  1)1

Dose-­Finding  Study  (N  =  
40)2

B2222  Open-­Label  Study  (N  
=  147)3

EORTC  62005  Randomized  
Study  

(N  =  946)5

• 1  patient  

• 400  mg/d

• Efficacy  and  safety

• 400  vs  1000  mg/d  

• Metastatic  GIST  
(EORTC)

• Efficacy  and  safety

• 400  vs  600  mg/d

• Metastatic  or  
unresectable  GIST

• Efficacy  and  safety  

• 400  vs  800  mg/d

• Metastatic  or  unresectable  
KIT-­positive  GIST

EORTC  phase  2  study  (N  =  
51)4

US  Intergroup  S0033  Study  
(N  =  746)6

• Efficacy  and  safety  

• Advanced  or  metastatic  
GIST  and  other  soft-­
tissue  sarcomas

• Efficacy  and  safety

• 400  vs  800mg/d

• Metastatic  or  unresectable  
KIT-­positive  GIST1.  Joensuu  H  et  al.  N  Engl  J  Med.  2001;;344:1052-­1056.

2.  van  Oosterom  AT  et  al.  Lancet.  2001;;358:1421-­1423.
3.  Demetri  GD  et  al.  N  Engl  J  Med.  2002;;347:472-­480.
4.  Verweij  J  et  al.  Eur  J  Cancer.  2003;;39:2006-­2011.
5.  Verweij  J  et  al.  The  Lancet.  2004;;364:1127-­1134.
6.  Blanke  C  et  al.  J  Clin  Oncol.  2008;;26:620-­625
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Verweij  et  al.  Lancet.  2004  Sep  25-­Oct  1;;364(9440):1127-­34
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HR  0.91  (95%CL  0.80,  1.05  )

Median  PFS:
-­ 400mg  1.7  years  (95%  CI  1.5,  2.0)
-­ 800mg  2.0  years  (95%  CI  1.9,  2.3)

Progression-­Free  Survival  according  to  
muational  status
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Follow-­up  results  after  9  years  of  the  ongoing,  phase  II  B2222  trial  of  imatinib  
mesylate  in  patients  with  metastatic  or  unresectable  KIT+  gastrointestinal  stromal  
tumors  (GIST)
M.  von  Mehren  et  al.,  J  Clin  Oncol  29:  2011  (suppl;;  abstr  10016)
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O N Number of patients at risk : Treatment
417 473 206 111 67 42 30
405 473 230 110 67 42 29

A-400mg
B-800mg

Overall Logrank test: p=0.202

EORTC  62005:  PFS  /  OS

Casali  PG  et  al.,  CTOS  2013

HR  0.91  (95%CL  0.80,  1.05  )

Median  PFS:
-­ 400mg  1.7  years  (95%  CI  1.5,  2.0)
-­ 800mg  2.0  years  (95%  CI  1.9,  2.3)
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360 473 312 213 146 93 61
339 473 326 212 146 96 59

A-400mg
B-800mg

Overall Logrank test: p=0.312
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Risk  of  recurrence  after  surgey  alone

~60%  likely  cured  
by  surgery  alone

Pooled  data  from  10  population-­based  GIST  series

Joensuu  et  al.  Lancet  Oncol  2012;;  13:265-­74  

Years
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Group            Group  definition Patients  with  progressive  disease  
during  long-­term  follow-­up

Gastric Jejunal Duodenal      Rectal
% % %                          %

1                  <2.0  cm,  <5/50  HPF 0 0 0 0
2                  2.1-­5.0  cm,  <5/50  HPF 1.9 4.3 8.3 8.5
3a              5.1-­10.0  cm,  <5/50  HPF 3.6 24
3b              >10.0  cm,  <5/50  HPF 12 52 34* 57*
4                  <2.0  cm,  >5/50  HPF 0* 50* -­ 54
5                  2.1-­5.0  cm,  >5/50  HPF 16 73 50 52
6a              5.1-­10.0  cm,  >5/50  HPF 55 85
6b              >10.0  cm  >5/50  HPF 86 90 86* 71*

AFIP  Risk  Group  Classification

Miettinen  M,  Lasota  J.,  Sem  Diagn  Pathol  2006;;23:70-­83
*very  low  numbers
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Group            Group  definition Patients  with  progressive  disease  
during  long-­term  follow-­up

Gastric Jejunal Duodenal      Rectal
% % %                          %

1                  <2.0  cm,  <5/50  HPF 0 0 0 0
2                  2.1-­5.0  cm,  <5/50  HPF 1.9 4.3 8.3 8.5
3a              5.1-­10.0  cm,  <5/50  HPF 3.6 24
3b              >10.0  cm,  <5/50  HPF 12 52 34* 57*
4                  <2.0  cm,  >5/50  HPF 0* 50* -­ 54
5                  2.1-­5.0  cm,  >5/50  HPF 16 73 50 52
6a              5.1-­10.0  cm,  >5/50  HPF 55 85
6b              >10.0  cm  >5/50  HPF 86 90 86* 71*

AFIP  Risk  Group  Classification

Miettinen  M,  Lasota  J.,  Sem  Diagn  Pathol  2006;;23:70-­83
*very  low  numbers
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Rupture  ?

No  
rupture

Rupture  
present

Prognostic  contour  maps,  10-­year  RFS  

Joensuu  et  al.  Lancet  Oncol  2012;;  13:265-­74
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Adjuvant  Imatinib  Therapy  for  GIST:  
Rationale

• High  rates  of  recurrence  after  resection,  especially   in  patients  with  
high-­risk  GIST

• Imatinib  represents  effective  oral  therapy  with  a  low  toxicity  profile and  
may  be  effective  as  an  adjuvant  to  surgery  in

-­ Treatment  of  low-­volume  microscopic  disease

• Randomised  trials  investigating  use  of  imatinib  in  an  adjuvant  setting

-­ ACOSOG  Z9001  (ASCO  2007,  Lancet  2009)

-­ SSGXVIII  (ASCO  2011,  JAMA  2012)

-­ EORTC  62024
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Z9001:  Recurrence-­Free  Survival

DeMatteo  et  al.  Lancet.  2009;;373:1097-­1104.
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Z9001:  Overall  Survival

Number  at  Risk

DeMatteo  et  al.  Lancet.  2009;;373:1097-­1104.
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Influence  of  mutational  status  on  outcome  of  
adjuvant  imatinib
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SSGXVIII/AIO:  RFS  and  OS

Joensuu,  ...,  Reichardt  et  al.,  JAMA  307:1265-­1272,  2012
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Subgroup            No.  of  patients      Hazard  ratio  (95%  CI),  RFS                P value

Age
≤65 256 0.47  (0.30-­0.74) .001
>65 141 0.49  (0.28-­0.85) .01

Sex
Male 201 0.46  (0.28-­0.76) .002
Female 196 0.46  (0.28-­0.76) .002

Tumor  site
Stomach 202 0.42  (0.23-­0.78) .006
Other 195 0.47  (0.31-­0.73) <.001

Tumor  size
≤  10  cm 219 0.40  (0.24-­0.69) <.001
>10  cm 176 0.47  (0.29-­0.76) .002

Mitoses/50  HPF  (local)
≤  10  mitoses                                        209 0.76  (0.43-­1.32) .33
>  10  mitoses                                        154 0.29  (0.17-­0.50) <.001

Mitoses/50  HPF  (central)
≤  10  mitoses                                        238 0.53  (0.30-­0.94) .03
>  10  mitoses 133 0.36  (0.22-­0.59) <.001

Tumor  rupture
No 318 0.43  (0.28-­0.66) <.001
Yes 79 0.47  (0.25-­0.89) .02
Tumor  mutation  site
KIT exon  9 26 0.62  (0.22-­1.70) .35
KIT exon  11 256 0.35  (0.22-­0.56) <.001
Wild  type 33 0.41  (0.14-­1.51) .18
Other 51 0.78  (0.22-­2.78) .710.1

1.0

10

36  mo  better 12  mo  better

Joensuu,  ...,  Reichardt,  JAMA  307:1265-­1272,  2012
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EORTC  62024:  Imatinib  failure-­free  survival  in  high  risk

P.  Reichardt HELIOS   Klinikum  Berlin-­Buch   /  Sarcoma  Center  Berlin-­Brandenburg
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O N Number of patients at risk : Treatment arm
61 262 248 230 208 150 62 13
48 266 259 247 230 172 76 17

Observation
Imatinib adjuvant

Imatinib Failure free Survival (IFS)
High risk by LOCAL pathology

Overall Logrank test: p=0.087

Casali  et  al.,  J  Clin  Oncol  31,  2013  (suppl;;  abstr  10500)
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Correlation  of  KIT-­ and PDGFRA-­Mutations  and  
Primary  Location

GSRCB* (n=1231)
*GSRCB = GIST and Sarcoma Registry Cologne/Bonn
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Three  versus  five  years  of  adjuvant  imatinib  as  treatment  of  patients  
with  operable  GIST  with  a  high  risk  for  recurrence:  A  randomised  phase  
III  study


